Aim of the present study was to investigate survival rates of unselected patients with glioblastoma after multimodal treatment and estimation of prognostic factors.
Glioblastoma (GBM) is the most common primary brain tumor and about 3 in 100,000 persons are newly diagnosed each year [1] . GBM is the second-most common cause of cancer related death in the young-adult age group and is associated with tremendous morbidity [2] . The most common presenting symptoms and signs for patients with GBM are progressive focal neurologic deficits, headaches, and seizures. Even though the reported incidence of many asymptomatic benign CNS tumors is increasing due to the increasing prevalence of neuroimaging, the aggressive growth of GBM usually precludes incidental discovery [3] .
The majority of GBMs is located in the supratentorial compartments, but they also occur in the cerebellum, brainstem, and spinal cord. The vast majority of neoplastic cells is found within the tumor bed and within 2 cm of the enhancing borders, however, migrating cells can be found several centimeters away from the tumor and even in the contralateral hemisphere [4] .
Despite intensive research, the prognosis for patients with GBM remains poor. Surgical intervention for GBM plays a key role for the diagnosis and prevention of symptoms due to mass effect. Mounting evidence suggests that more extensive surgical resections are associated with a longer life expectancy for patients with GBM [5, 6] . However, due to the infiltrative nature of GBMs, complete tumor resections are difficult to achieve. Newer surgical techniques, such as fluorescence-guided resection and neuroendoscopic approaches, have been shown to enhance the macroscopic total resection of malignant gliomas [7, 8, 9] .
Radiotherapy (RT) has become part of the standard care. The ability to focus the beam and tailor it to the irregular contours of brain tumors and minimize the dose to nearby critical structures with intensity-modulated or image-guided techniques has greatly improved [10 ,11, 12, 13] . In addition, Temozolomide (TMZ), an alkylating agent with simple oral administration, has significantly improved overall survival in patients with malignant gliomas [14, 15] . According to the randomized EORTC-NCIC trial published in 2005, the current standard of care for GBM is surgical resection followed by radiotherapy with concomitant and adjuvant TMZ [15] .
However, in view of discrepancies concerning treatment and clinical characteristics, outcomes in unselected patient populations are often different from those achieved in study populations and need to be confirmed in routine clinical practice. The aim of the present retrospective analysis was to analyze outcome and toxicity in 189 patients treated for GBM at a high-volume single center. Furthermore, patient characteristics as well as tumor and treatment related factors were analyzed regarding their prognostic impact.
Patients and methods
Patients. Data of 189 consecutive patients (females: 71 (38%); males: 118 (62%) with glioblastoma irradiated between April 1999 and December 2009 at the Department of Therapeutic Radiology and Oncology, Medical University of Graz, were evaluated in this study.
In all patients, glioblastoma WHO grade 4 had been confirmed pathohistologically.
Median age at diagnosis was 59 years (mean: 59 years; range 22 -88 years). In all patients, preoperative tumour extension was determined based on MRI, CT scan or both. The vast majority of patients (92%) presented a single lesion only. The median maximum tumor diameter was 4.5 cm (mean, 4.5 cm; range 0.8 -8.0 cm).
The most frequently involved site was the temporal lobe (46%). At the time of diagnosis, the presence of focal symptoms was the most frequent symptom. Incidental diagnosis, based on imaging performed without neurological symptoms, occurred in only 2 patients.
Treatment. Neurosurgical intervention preceded radiotherapy in all patients. 99 of 189 patients (52%) had total tumor resections, and 65 patients (34%) subtotal resections. In 25 patients (13%), only stereotactic biopsy was performed. Post-surgical MRI/CT imaging was performed in 168 patients (89%). In 135 patients (71%), residual tumors (solid mass, n=77; marginal uptake of contrast media n=58) were detected. Further details on patient and tumor characteristics are provided in table 1.
Median duration from surgery to the start of radiotherapy was 4 weeks (range, 2 -28 weeks). Median Karnofsky Performance Score (KPS) prior to the start of radiotherapy was 80% (range, 30% -100%). In 44 patients (23%), KPS was <70 %, whereas 141 patients (75%) had a KPS ≥70%.
High energy photon beams (6 MV) were delivered after three-dimensional treatment planning in shrinking-field technique. The initial CTV included the residual T1 contrastenhancing tumor plus resection cavity and the peritumoral edema plus 2 cm and was treated to 50 Gy in 25 fractions delivered 5x weekly. After 50 Gy, the boost volume, defined as the residual tumour plus resection cavity, was treated to a total dose of 60 Gy with single fraction doses of 2 Gy.
Beginning in 2002, 124 patients (66%), received systemic treatment with TMZ concomitantly 7 days each week from the first to the last day of radiotherapy at a dose of 75mg/m2 per day. Additionally, 76 patients among them were administered Follow-up. Follow-up examinations were performed at the Department of Therapeutic Radiology and Oncology, and the Department of Neurology, Medical University of Graz, Austria including cerebral CT/MRI scans every 3 months in years 1-3, and every 6 months thereafter. Tumor progression was defined as an increase in tumor size by 25 percent or an appearance of new lesions. The median duration of follow-up time for all patients was 11 months (mean: 15 months; range, 1 -81 months).
Salvage Treatment. During follow-up, tumor progression was detected in 180 patients (95%). In these patients, therapeutic management was performed at the discretion of the treating neuro-oncologist. For tumor progression, 74 patients were administered salvage therapy, 61 patients received chemotherapy. 30 patients had local therapy, nine patients among them underwent re-irradiation (radiosurgery, n=5, hypofractionated stereotactic RT, n=4). The remaining 115 patients were offered best supportive care.
Statistical analyses. Statistic analysis was done using SPSS 18.0 for Windows. Numeric values were analyzed by Student's t-test, proportions of groups were compared by chi2-test. Overall survival (OS) time was calculated from the date of biopsy/surgery. Progression-free survival (PFS) was defined as the time from biopsy/surgery until tumor progression. Median time of follow-up was calculated form surgery to last follow up or death. OS as well as PFS were analyzed by calculating cumulative survival rates by the Kaplan-Meier method and evaluating them by the log-rank test. Univariate and multivariate Cox proportional hazards analyses were performed to calculate the hazard ratio (HR) and 95% confidence interval (CI) to evaluate the influence of prognostic factors on survival. P-values ≤0.05 were considered statistically significant.
Results

Progression-free survival (PFS).
Median PFS was 6 months, actuarial 1 and 2-year PFS rates were 23% and 7%, respectively. In a Kaplan Meier analysis, extent of tumor resection was significantly associated with disease progression (median PFS was 8 months vs. 6 months vs. 3 months after complete tumor resection vs. incomplete resection vs. biopsy; p=0.001).
Furthermore, TMZ therapy significantly influenced PFS (median PFS was 5 months vs. 7 months vs. 9 months for patients without TMZ vs. concomitant TMZ therapy vs. concomitant and adjuvant TMZ, figure 1a-b) . Without TMZ, 1-and 2-year PFS rates were 13% and 2%, with concomitant TMZ 29% and 11%, and with concomitant and adjuvant TMZ 42% and 13%.
Overall survival. Median overall survival (OS) was 13.0 months, actuarial 1-and 2-year OS rates were 54% and 22%, respectively. OS was significantly influenced by extent of resection (median OS was 16 months vs. 9 months vs. 6 months after complete tumor resection vs. incomplete resection vs. biopsy; p<0.001).
Furthermore, a significant association between TMZ therapy and OS was observed (median OS was 11 months vs. 14 months vs. 21 months without TMZ vs. concomitant TMZ therapy vs. 21 months with concomitant and adjuvant TMZ). Without TMZ, 1-and 2-year OS rates were 47% and 11%, with concomitant TMZ 57% and 28%, and with concomitant and adjuvant TMZ 72% and 44% ( figure 2a-b) .
After salvage therapy for disease progression, median OS was 32 months with 1-and 2-year OS rates of 80% and 50% in patients who had undergone initial concomitant and adjuvant TMZ ( figure 3) .
Prognostic factors.
The following patient, treatment and tumor characteristics were analyzed for their prognostic impact: age at diagnosis, sex, maximum tumor diameter, number of lesions, extent of tumor resection, time from surgery to start of radiotherapy, KPS, TMZ treatment, and salvage therapy.
Univariate and multivariate analysis revealed that age, extent of tumor resection, and TMZ treatment were significantly associated with PFS whereas the number of lesions was only significant in univariate analysis (table 2) . Furthermore, age, KPS, number of lesions, extent of surgery, TMZ treatment, and salvage therapy were significantly associated with OS in univariate analysis. In multivariate analysis, age, extent of surgery, TMZ therapy, and salvage therapy remained significant prognosticators of survival (table 3) .
Toxicity. In 8 patients, grade 3/4 myelodepression was observed, 2 patients developed elevated liver enzymes and 5 patients infections. Headache was recorded in 8 patients, and a worsening of pre-existing focal neurological deficit was observed in 11 patients. Further acute reactions included fatigue (n=9), nausea (n=1), erythema (n=1), otitis externa (n=1), and deep venous thrombosis (n= 2).
RT with concomitant TMZ was well tolerated in the majority of patients and completed as scheduled in 97 of 124 patients (78%). 23 patients prematurely discontinued RT, additionally, 4 patients discontinued simultaneous TMZ therapy due to grade 3/4 hematologic toxicity (n=3) and herpes infection (n=1). 21 patients developed a severe impairment of performance status due to disease progression and were therefore not suitable for adjuvant TMZ that was performed Premature treatment discontinuitation was significantly influenced by KPS < 70 prior to start of RT (p=0.016) whereas a significant influence of other factors such as age (p=0.939) and extent of surgery (p=0.819) was not observed.
Discussion
In this retrospective study, treatment results and prognostic factors were analyzed in an unselected cohort of patients with GMB who were treated from 1999 to 2009. In all patients, 3D conformal radiotherapy was performed, and beginning in 2002, 124 patients received systemic TMZ treatment.
TMZ significantly improved PFS and OS resulting in 1 -and 2-year OS rates of 57% and 28%. Considering that our patient population represents an unselected group it is notable that the 2-year OS and PFS rates compare favourably with those from the EORTC-NCIC trial with 2-year PFS and OS 10.7% and 26.5% in patients with GBM receiving TMZ therapy [14, 15] .
Additional administration of adjuvant TMZ resulted in a further improvement of survival with 1-and 2-year OS rates of 72% and 44%. However, a substantial proportion of patients has been observed to be unfit to undergo adjuvant chemotherapy that was applicable in only 61% of patients after concomitant TMZ in the present study compared with 78% in the EORTC-NCIC trial [14] .
It is well established that outcome results after treatment of GB are strongly associated with factors such as age, performance status, and extent of surgical resection [16, 17] that has also been confirmed in the present investigation.
Incomplete resection and biopsy as the only neurosurgical intervention were significantly associated with poorer survival in univariate as well as in multivariate analysis. Although some studies have failed to demonstrate a survival benefit with more extensive surgical resection versus biopsy alone [18] , most reports from single centers or randomized trials support that more extensive resections significantly lengthen OS [5] . Especially patients who undergo surgery at high-volume academic centers appear to have an advantage, as mortality at these centers is very low [19] .
In univariate analysis, KPS was significantly associated with survival but it failed to remain a significant prognosticator of survival in multivariate analysis. However, KPS has been shown to significantly influence the patients´ability to undergo treatment as currently recommended. In patients with KPS< 70, premature discontinuation of treatment has been observed to occur significantly more frequently compared with patients with KPS ≥ 70. Interestingly, a significant impact of age or extent of surgery on treatment discontinuation has not been observed.
Advanced age is associated with poor survival, therefore, elderly patients frequently receive only best supportive care. However, in case of good performance status, elderly patients have also been shown to benefit from radiotherapy and chemotherapy in previous studies [20, 21] .
Despite advances in surgery, radiotherapy, and chemotherapy, the prognosis of patients with GBM is still poor and almost all patients ultimately relapse. Salvage treatment such as chemotherapy and local treatment including surgery or reirradiation has been found to significantly improve survival in multivariate analysis. However, even with various salvage treatment regimens, the 6-month progression-free survival rate ranging from 9% to 21% is very limited [22, 23] .
The current study has several limitations, including the limitations of retrospective data collection. Important variables such as MGMT methylation, status, IDH1 mutation status and quality of life measurements were also not available. Nonetheless, the results from the present study show that a combination of maximum surgery, concomitant RCT, and adjuvant TMZ is associated with moderate toxicity and is feasible and effective in daily clinical practice yielding outcome data in unselected patients that are comparable to those achieved in randomized clinical trials.
There is imminent need to develop novel therapeutic strategies which improve outcome in patients with glioblastomas. In a recent study, median overall survival in glioblastoma patients was 28 months when fractionated stereotactic radiotherapy up to doses >60Gy was used in combination with TMZ [24] . In clinical studies, promising results have also been obtained with antiangiogenic therapies, small molecular inhibitors, immunotherapeutic approaches, growth factor receptor targeting, and gene therapies [4, 25] . Furthermore, molecular analyses may contribute to the development of targeted therapies and identify individual patients that are more likely to respond to a particular therapeutic strategy and improve survival outcomes.
